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NETWORK NODE AND METHOD THEREIN
FOR HANDLING SCHEDULING OF ONE OR
MORE WIRELESS DEVICES; A WIRELESS
DEVICE AND A METHOD THEREIN

CLAIM FOR PRIORITY

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/309,670, filed Nov. 8, 2016 (now allowed),
which 1s a U.S. National Phase entry under 35 U.S.C. § 371
from PCT International Application No. PCT/SE2015/
050022, filed Jan. 14, 2015, which claims priority to U.S.
Provisional Patent Application No. 61/990,763, filed May 9,

2014, all of which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates generally to a first network
node, and methods therein for handling scheduling of one or
more wireless devices. The present disclosure also relates to
a wireless device, and methods therein for performing one or
more operations. The present disclosure relates as well to
computer programs and computer-readable storage medi-
ums, having stored thereon the computer programs to carry
out the aforementioned methods.

BACKGROUND

Communication devices such as wireless devices are also
known as, e.g., User Equipments (UE), mobile terminals,
wireless terminals and/or mobile stations. Wireless devices
are enabled to communicate wirelessly 1 a cellular com-
munications network or wireless communication system,
sometimes also referred to as a cellular radio system, wire-
less communications network, or cellular network. The
communication may be performed, e.g., between two wire-
less devices, between a wireless device and a regular tele-
phone, and/or between a wireless device and a server via a
Radio Access Network (RAN) and possibly one or more
core networks, comprised within the cellular communica-
tions network.

Wireless devices may further be referred to as mobile
telephones, cellular telephones, laptops, tablets or surt plates
with wireless capability, just to mention some further
examples. The wireless devices 1n the present context may
be, for example, portable, pocket-storable, hand-held, com-
puter-comprised, or vehicle-mounted mobile devices,
enabled to communicate voice and/or data, via the RAN,
with another entity, such as another wireless device or a
Server.

The wireless communications network covers a geo-
graphical area which 1s divided into cell areas, wherein each
cell area being served by an access node such as a base
station, ¢.g., a Radio Base Station (RBS), which sometimes
may be referred to as, e.g., “Evolved Node B (eNB)”,
“eNodeB”, “NodeB”, “B node”, or BTS (Base Transceiver
Station), depending on the technology and terminology
used. The base stations may be of different classes such as
¢.g. macro e¢NodeB, home eNodeB or pico base station,
based on transmission power and thereby also cell size. A
cell 1s the geographical area where radio coverage 1s pro-
vided by the base station at a base station site. One base
station, situated on the base station site, may serve one or
several cells. Further, each base station may support one or
several communication technologies. The base stations com-
municate over the air interface operating on radio frequen-
cies with the terminals within range of the base stations. In
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the context of this disclosure, the expression Downlink (DL)
1s used for the transmission path from the base station to the
wireless device. The expression Uplink (UL) 1s used for the
transmission path 1n the opposite direction 1.e. from the
wireless device to the base station.

In 3rd Generation Partnership Project (3GPP) Long Term
Evolution (LTE), base stations, which may be referred to as
e¢NodeBs or even eNBs, may be directly connected to one or
more core networks.

3GPP LTE radio access standard has been written 1n order
to support high bitrates and low latency both for uplink and
downlink traffic. All data transmission 1s 1n LTE controlled
by the radio base station.

Half Duplex Operation

In Haltf Duplex (HD), or more specifically in Half Duplex
Frequency Division Duplex (HD-FDD), the UL and DL
transmissions take place on different paired carrier frequen-
cies, but not simultaneously 1n time, 1n the same cell. This
means the UL and DL transmissions take place 1n different
time resources. Examples of time resource are symbol, time
slot, subiframe, Transmission Time Interval (1T1), interleav-
ing time etc. . . . . In other words, UL and DL, e.g.,
subirames, do not overlap 1n time. The number and location
of subframes used for DL, UL or unused subirames may
vary on the basis of frame or multiple frames. For example,
in one radio frame, ¢.g., frame #1, subiframes #9, #0, #4 and
#3 may be used for DL and subirames #2 and #7 are used
for UL transmission. But in another frame, e.g., {frame #2,
subirames #0 and #5 may be used for DL and subframes #2,
#3, #5, #7 and #8 are used for UL transmission.

Machine Type Communication (MTC)

The Machine-to-Machine (M2M) communication, or aka,
MTC, may be used for establishing communication between
machines and between machines and humans. The commu-
nication may comprise exchange of data, signaling, mea-
surement data, configuration information etc. . . . . The
device size may vary from that of a wallet to that of a base
station. The M2M devices may be often used for applica-
tions like sensing environmental conditions, €.g. tempera-
ture reading, metering or measurement, e€.g., electricity
usage etc . . ., fault finding or error detection etc. . . . . In
these applications, the M2M devices may be active very
seldom, but over a consecutive duration depending upon the
type of service, e.g., about 200 milliseconds (ms) once every
2 seconds, about 500 ms every 60 minutes etc. . . . . The
M2M device may also do measurements on other frequen-
cies or other RATS.

Low-Cost MTC

It 1s envisaged that MTC UEs may be deployed in the
future 1 huge numbers, large enough to create an eco-
system on its own. Lowering the cost of MTC UEs may
enable 1implementation of the concept of the “internet of
things”. MTC UEs used for many applications may require
low operational power consumption and are expected to
communicate with infrequent small burst transmissions.
Therefore, one category of M2M devices 1s referred to as
low cost devices. For example, the cost reduction may be
realized by having just a single receiver in the UE. The cost
may be further reduced by having single receiver and
HD-FDD capability. A low cost UE may also implement
additional low cost features such as, smaller DL and UL
maximum transport block size, e.g., 1000 bits, and reduced

DL channel bandwidth of 1.4 MHz for data channel, e.g.
Physical Downlink Shared CHannel (PDSCH). For
example, a low cost UE may comprise a HD-FDD, and one
or more of the following additional features: single receiver,




US 10,674,527 B2

3

smaller DL and/or UL maximum transport block size, e.g.,
1000 bits, and reduced DL channel bandwidth of 1.4 MHz
for data channel.

HD Operation of Low-Cost MTC

HD-FDD operation 1s a technique that may lower the cost
of an MTC UE by simplifying the Radio Frequency (RF)
implementation. By not requiring simultaneous transmission
and reception, an HD-FDD MTC UE does not require a
duplexer: 1n place of a duplexer a switch may be used. The
eNB may still use Full Duplex FDD (FD-FDD) operation
and may be required to ensure that there are no scheduling
contlicts for HD-FDD MTC UEs. That 1s, the scheduler may
ensure that a UE 1s not scheduled simultaneously 1n the DL
and UL. This requirement may mean the scheduler needs to
consider data and control traflic in both directions when
making scheduling decisions for an MTC UE. This require-
ment may add to the complexity of the scheduler. For full
duplex UEs, such scheduling restrictions may not be needed:
this may make concurrent support of HD-FDD and FD-FDD
wireless devices more complicated. When not 1n Discon-
tinuous Reception (DRX), the MTC UE may continuously
receive DL physical channels except when instructed by the
network to transmit in the UL or when transmitting unsched-
uled, contention-based, Physical Random Access CHannel
(PRACH). A switching time may need to be observed by
HD-FDD MTC UEs when ftransitioning from receive to
transmit and vice versa, and this, may need to be taken into
account by the scheduler.

HD-FDD operation may be implemented as a scheduler
constraint, implying the scheduler may ensure that a UE 1s
not scheduled simultaneously 1n the DL and UL. There are
occasions when simultaneous/colliding DL and UL trans-
missions may not be avoided by scheduler constraints, for
example, when the UE transmits an unscheduled, conten-
tion-based, PRACH that may not be predicted by the eNB.
It 1s possible that the UE may transmit a PRACH at the same
time that 1t 1s scheduled via Physical Downlink Control
CHannel (PDCCH)/PDSCH 1n the DL. In this case, the UE
may not be able to receive the PDCCH/PDSCH.

The following has been turther observed on UE switching,
times during the MTC studies:

Switching time for the DL-to-UL transition may be cre-
ated by allowing the UE to DRX the last Orthogonal
Frequency Division Multiplexing (OFDM) symbols 1n a DL
subirame 1immediately preceding an UL subirame.

Switching time for the UL-to-DL transition may be
handled by setting an appropriate amount of timing advance
in the UE. Timing Advance (TA) 1s a mechanism that may
be used to ensure that all UL transmissions from wireless
devices arrive time-aligned at the network node, e.g., eNo-
deB. TA 1s a negative oflset between the start of the received
DL subframe and transmitted UL subirame. By adjusting the
value of the offset, the transmissions from the terminals may
be controlled by the eNB. This switching time may be
important when the UE 1s close to the cell centre, with near
zero timing advance. The same adjustment of the UL timing
from the eNB perspective may be also applied to full duplex
UEs. The eNB may decide the appropriate amount of timing
advance, e.g., by defining a UE requirement on a maximum
allowed switching time.

UE Measurements

Radio measurements done by the UE may be typically
performed on the serving as well as on neighbor cells over
some known reference symbols or pilot sequences. The
measurements may be done on cells on an intra-frequency
carrier, on inter-frequency carrier(s), as well as on inter-R AT
carriers(s), depending upon the UE capability, whether 1t
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supports that RAT. To enable inter-frequency and inter-R AT
measurements for the UE requiring gaps, the network may
have to configure the measurement gaps. During the mea-
surement gaps there 1s no scheduled transmission 1n UL or
DL. Instead, the wireless device may use the gaps to perform
measurements on €.g., mter-frequency or inter-RAT cells.
The measurements may be done for various purposes.
Some example measurement purposes may be: mobility,
positioning, Self-Orgamzing Network (SON), Minimization
of Dnive Tests (MDT), Operation and Maintenance (O&M),
network planning and optimization etc. Examples of mea-
surements i LTE are Cell 1dentification, aka Physical Cell

Identifier (PCI), acquisition, Reference Symbol Received
Power (RSRP), Reference Symbol Received Quality

(RSRQ), Cell Global Identification (CGI) acquisition, Red-
erence Signal Time Difference (RSTD), UE Reception
(RX)-Transmission (1X) time diflerence measurement,
Radio Link Monitoring (RLM), which consists of Out of
synchronization (out of sync) detection and 1n synchroniza-
tion (1n-sync) detection etc. Channel State Information (CSI)
measurements performed by the UE may be used for sched-
uling, link adaptation etc. by network. Examples of CSI
measurements or CSI reports are Channel Quality Indicator
(CQI), Precoding Matrix Indicator (PMI), Rank Indicator
(RI) etc. They may be performed on reference signals like
Cell Specific Reference Signal (CRS), CSI-Reference Signal
(RS) or DeModulation Reference Signal (DMRS).

Radio Network Node Radio Measurements

In order to support different functions such as mobility,
¢.g., cell selection, handover etc., positioning a UE, link
adaption, scheduling, load balancing, admission control,
interference management, interference mitigation etc., the
radio network node, e.g., base station, access point, relay,
c¢Node B, may also perform radio measurements on signals
transmitted and/or received by the radio network node.
Examples of such measurements are Signal-to-Noise Ratio
(SNR), Signal to Interference plus Noise Ratio (SINR),
received interference power (RIP), Block Error Rate
(BLER), propagation delay between UE and 1tself, transmit
carrier power, transmit power of specific signals, e.g., Tx
power ol reference signals, positioning measurements like
Timing Advance (TA), eNode B Rx-Tx time difference etc.

In existing methods, a UE may have to perform radio
measurements, €.g., RSRP, RSRQ, UE Rx-Tx time differ-
ence etc . . ., on one or more cells during DL and/or UL
subirames, depending upon the type ol measurement. A
FD-FDD UE may have full freedom to choose any DL
and/or UL subirames which contain the appropriate refer-
ence signals, e.g., Primary Synchronization Signals (PSS)/
Secondary Synchronization Signal (SS5), CRS, Positioning,
Reference Signals (PRS), Sounding Reference Signals
(SRS) etc. . . . for doing the desired measurement. But a
HD-FDD UE may not freely choose any subirame {for
performing such radio measurements. Instead, for a HD-
FDD capable UE, the serving node of the UE may have to
ensure that at least certain number of DL and UL subframes
1s available every N frames, where N=1, at the UE for doing
measurements. The switching from DL to UL, or from UL
to DL, aka transition, may result in that the UE operating in
HD-FDD mode 1s not able to receive some signals or
channels i subframe/s falling between successive UL and
DL subframes. Such subirames are unused by that HD-FDD
UE. Typically, several HD-FDD UEs may require similar
subirames for measurements, e.g., DL subirames 0 and 5,
which contain PSS/SSS. This means unused subirames may
be common for several HD-FDD UEs 1n the same cell. This
leads to uneven interference and diflerent performance
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between different subirames, e.g., unused subirames and
subirames used for measurements. This may lead to signifi-
cant performance degradation in certain subiframes. In the
existing methods, there 1s no systematic mechanism to
ensure even distribution of different types of UEs across
different subiframes within a radio frame.

There are a number of constraints that the serving node of
the UE, e.g., the scheduler, faces when assigning resources
for HD-FDD UEs. As stated earlier, DL cell measurements,
e.g., RSRP, RSRQ, may require a certain number of sub-
frames. For FD-FDD UEs, this 1s not a problem since UL
and DL may take place anytime simultancously. However,
this may be a constraint for HD-FDD UEs as the UE has to
switch between UL and DL, and because of the unused
subiframe resulting from every switch. Therefore, the eNB
scheduler may have to ensure that at least a certain number
of DL and UL frames are available at the UE for doing
measurements. This 1s a constraint 1n the scheduler because
of the wasted subirame for every switch, or the switching
time.

For HD-FDD UEs, in comparison to FD-FDD UEs, the
same measurement period and sampling rate may not be
suilicient because there may be more subirame constraints.
This 1s exemplified 1n Table 1, wherein 1t 1s assumed that
subframe 0 and 5 are reserved for cell identification data,
and the UE receirves a PDSCH transmission on subirame 3
and 4. This may require that the UE sends HARQ feedback
in subiframe 7 and 8. According to HARQ requirements 1n
3GPP TS 36.213 V12.1.0, ‘Physical layer procedures (Re-
lease 12)°, the UE may be required to provide HARQ
teedback with a 4 subirame delay from point of reception,
and the same requirement may also be valid for uplink
transmission. This means that the eNB scheduler may have
to reserve subirame 7 and 8 for UL. This adds a new
constraint to HD-FDD UEs 1n addition to the switching-
subirame constraint as described earlier, because for every
transmission of data on DL, there may have to be a feedback
on UL 4 subiframe later. This means that the eNB scheduler
may have to reserve subirame 6 and 9 to switch from DL to
UL, and from UL to DL, respectively. In the table, the
Broadcast CHannel 1s imdicated as BCH. The Physical
Hybrnid ARQ Indicator CHannel 1s indicated as PHICH. In
the particular example shown 1n this table, the PHICH has
been received 1n subframes #1 and #2, as a matter of
example, which are therefore, DL. A System Information
Block 1s indicated as SIB. The Physical Uplink Control
CHannel 1s indicated as PUCCH. The Physical Uplink

Shared CHannel 1s indicated as PUSCH. The switching
subirames are indicated as Guard Period (GP).

TABLE 1

HD-FDD HARQ feedback example
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certain DL subirames of the measured cell, e.g., PCell, are
available for HD-FDD UEs for measuring on the CRS for

radio link momitoring purposes.

As mentioned earlier, existing methods lead to uneven
interference and different performance between different
subirames, e.g., unused subirames and subirames used for
measurements, due to uneven distribution of different types
of UEs across diflerent subirames within a radio frame. This
may lead to significant performance degradation 1n certain
subiframes. Additionally, existing methods may result 1n
interrupted communications due to scheduling contlicts with
the constraints of HD-FDD wireless devices.

SUMMARY

It 1s therefore an object of embodiments herein to improve
the performance 1n a wireless communications network by
improving the scheduling of wireless devices 1n a system
with at least one HD-FDD wireless device and at least one
FD-FDD wireless device.

According to a first aspect of embodiments herein, the
object 1s achieved by a method performed by a first network
node for handling scheduling of one or more wireless
devices. The first network node operates in a wireless
communications network. The first network node obtains
information about a first type of time resource. The first type
of time resource 1s used by at least one wireless device of
one or more HD-FDD wireless devices. The first network
node also obtains information about a second type of time
resource. The second type of time resource 1s not used by the
one or more HD-FDD wireless devices due to a transition at
the HD-FDD wireless devices between UL and DL time
resources. The first network node schedules a first wireless
device out of one or more FD-FDD wireless devices during
the second type of time resource. This 1s done based on the
obtained information about the second type of time resource.
The first network node also decides whether or not to
schedule a second wireless device out of the FD-FDD
wireless devices during the first type of time resource. This
1s done based on the obtained information about the first type
of time resource, and further based on whether one or more
first conditions are met.

According to a second aspect of embodiments herein, the
object 1s achieved by a method performed by a wireless
device served by the first network node for performing one
or more operations. The wireless device and the first net-
work node operate 1n the wireless communications network.
The one or more HD-FDD wireless devices and the one or
more FD-FDD wireless devices operate in the wireless

#0 (DL) #1 (DL) #2 (DL) #3 (DL) #4 (DL) #5 (DL) #6 (GP)

PSS PHICH PHICH PDSCH PDSCH PSS
888 S8S
BCH SIB

According to the requirement i 3GPP TS 36.133,
‘Requirements for support of radio resource management
(Release 12)°, a UE may, 1n every radio frame, assess the
radio link quality, evaluated over the previous time period,
against thresholds, Qout and Qin. This 1s normal operation
for FD-FDD UEs: however, for HD-FDD UEs, which switch
between DL and UL, this may become challenging. There-

fore, it may be necessary for eNBs to ensure that at least

60

65

#7 (UL) #8 (UL) #9 (GP)

DL->UL PUCCH PUCCH UL->DL
PUSCH PUSCH

communications network. The wireless device obtains infor-
mation about the first type of time resource. The first type of
time resource 1s used by at least one wireless device of the
HD-FDD wireless devices. The wireless device obtains
information about the second type of time resource. The
second type of time resource 1s not used by the HD-FDD
wireless devices due to transition at the HD-FDD wireless

devices between UL and DL time resources. The wireless
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device performs one or more operations based on the
obtained information about the first type and the second type
of time resource. The operations are one or more of the
following: a) adapting wireless device battery power based
on the obtained information, b) performing one or more
measurements on signals of one or more: cells operating on
one or more non-serving carrier frequencies, and/or, RATs
other than that of a serving RAT of the wireless device, and
¢) processing data.

According to a third aspect of embodiments herein, the
object 1s achieved by the first network node for handling
scheduling of one or more wireless devices. The first net-
work node 1s configured to operate in the wireless commu-
nications network. The first network node 1s further config-
ured to obtain information about the first type of time
resource. The first type of time resource 1s configured to be
used by the at least one wireless device of the one or more
HD-FDD wireless devices. The first network node 1s con-
figured to obtain information about the second type of time
resource. The second type of time resource 1s configured to
not be used by the one or more HD-FDD wireless devices.
This 1s due to a transition at the HD-FDD wireless devices
between UL and DL time resources. The first network node
1s Turther configured to schedule the first wireless device out
of the one or more FD-FDD wireless devices during the
second type of time resource. This 1s based on the obtained
information about the second type of time resource. The first
network node 1s also configured to decide whether or not to
schedule a second wireless device out of the FD-FDD
wireless devices during the first type of time resource. This
1s based on the obtained information about the first type of
time resource, and further based on whether one or more first
conditions are met.

According to a fourth aspect of embodiments herein, the
object 1s achieved by the wireless device. The wireless
device 1s configured to be served by the first network node
for performing the one or more operations. The wireless
device and the first network node are configured to operate
in the wireless communications network. The one or more
HD-FDD wireless devices, and one or more FD-FDD,
wireless devices are configured to operate in the wireless
communications network. The wireless device 1s configured
to

obtain information about the first type of time resource.
The first type of time resource 1s configured to be used
by the at least one wireless device of the HD-FDD
wireless devices. The wireless device 1s further con-
figured to obtain information about the second type of
time resource. The second type of time resource 1s
configured to not be used by the HD-FDD wireless
devices due to transition at the HD-FDD wireless
devices between UL and DL time resources. The wire-
less device 1s also configured to perform the one or
more operations based on the obtained information
about the first type and the second type of time
resource. The operations are one or more of the fol-
lowing: a) to adapt wireless device battery power based
on the obtained information, b) to perform one or more
measurements on signals of one or more: cells operat-
Ing on one or more non-serving carrier frequencies,
and/or RATs other than that of a serving RAT of the
wireless device, and ¢) to process data.

According to a fifth aspect of embodiments herein, the
object 1s achieved by a computer program, comprising
instructions which, when executed on at least one processor,
cause the at least one processor to carry out the method
performed by the first network node.
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According to a sixth aspect of embodiments herein, the
object 1s achieved by a computer-readable storage medium,
having stored thereon the computer program, comprising
instructions which, when executed on at least one processor,
cause the at least one processor to carry out the method
performed by the first network node.

According to a seventh aspect of embodiments herein, the
object 1s achieved by a computer program, comprising
istructions which, when executed on at least one processor,
cause the at least one processor to carry out the method
performed by the wireless device.

According to an eighth aspect of embodiments herein, the
object 1s achieved by a computer-readable storage medium,
having stored thereon the computer program, comprising
instructions which, when executed on at least one processor,
cause the at least one processor to carry out the method
performed by the wireless device.

By the first network node scheduling the first wireless
device only of the FD-FDD, wireless devices during the at
least one time resource of the second type of time resource,
which 1s not for use, e.g. 1t 1s not used or 1t 1s not expected
to be used, by the HD-FDD wireless devices, eflicient usage
of radio resources 1 a mixture of HD-FDD and FDD
wireless devices 1n the same cell 1s enabled. Unused sub-
frames due to transition between UL and DL subirames in
HD-FDD wireless devices are more efliciently utilized by
assigning them to FD-FDD wireless devices.

Further advantages of some embodiments disclosed
herein are discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of embodiments herein are described 1n more
detail with reference to attached drawings in which:

FIG. 1 1s a schematic block diagram 1llustrating embodi-
ments 1n a wireless communications network, according to
embodiments herein.

FIG. 2 1s a flowchart depicting embodiments of a method
in a first network node, according to embodiments herein.

FIG. 3 1s a schematic diagram illustrating embodiments of
the first, second and third types of time resource as sub-
frames 1n a radio frame, according to embodiments herein.

FIG. 4 15 a flowchart depicting embodiments of a method
in a wireless device, according to embodiments herein.

FIG. 5 1s a schematic block diagram 1llustrating embodi-
ments of a first network node, according to embodiments
herein.

FIG. 6 1s a schematic block diagram 1llustrating embodi-
ments ol a wireless device, according to embodiments
herein.

DETAILED DESCRIPTION

Embodiments will now be described more tully herein-
aiter with reference to the accompanying drawings, 1n which
examples of the claimed subject matter are shown. The
claimed subject matter may, however, be embodied 1n many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the claimed
subject matter to those skilled in the art. It should also be
noted that these embodiments are not mutually exclusive.
Components from one embodiment may be tacitly assumed
to be present/used 1n another embodiment.

FIG. 1 depicts a wireless communications network 100,
sometimes also referred to as a cellular radio system, cellular
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network or wireless communications system, in which
embodiments herein may be implemented. The wireless
communications network 100 may for example be a network

such as a Long-Term Evolution (LTE), e.g. LTE Frequency
Division Duplex (FDD), LTE Time Division Duplex (TDD),

LTE Half-Duplex Frequency Division Duplex (HD-FDD),
LTE operating 1n an unlicensed band, WCDMA, Universal
Terrestrial Radio Access (UTRA) TDD, Global system for

mobile communication (GSM) network, GSM Enhanced
Data rates for GSM Evolution (EDGE) Radio Access Net-
work (GERAN) network, Ultra-Mobile Broadband (UMB),
EDGE network, network comprising of any combination of
Radio Access Technologies (RATIs) such as e.g. Multi-
Standard Radio (MSR) base stations, multi-RAT base sta-

tions etc., any 3rd Generation Partnership Project (3GPP)
cellular network, WiF1 networks, Worldwide Interoperabil-
ity for Microwave Access (WiMax), 5G system or any
cellular network or system. Thus, although terminology
from 3GPP LTE may be used 1n this disclosure to exemplily
embodiments herein, this should not be seen as limiting the
scope of the embodiments herein to only the aforementioned
system.

The wireless communications network 100 comprises a
first network node 111, a second network node 112, and a
third network node 113. Each of the first network node 111
and the third network node 113 may be, for example, base
stations such as e.g., an eNB, eNodeB, or a Home Node B,
a Home eNode B, femto Base Station, BS, pico BS or any
other network unit capable to serve a wireless device or a
machine type communication device in a wireless commu-
nications network 100. In some particular embodiments,
cach of the first network node 111, and the third network
node 113 may be a stationary relay node or a mobile relay
node. In some particular embodiments, the third network
node 113 may be neighbor to the first network node 111.

The wireless communications network 100 covers a geo-
graphical area which 1s divided into cell areas, wherein each
cell area 1s served by a network node, although, one network
node may serve one or several cells. In the non-limiting
example depicted i FIG. 1, the network node 111 serves a
first cell 121, and the third network node 113 serves a second
cell 122. Each of the first network node 111 and the third
network node 113 may be of different classes, such as, e.g.,
macro eNodeB, home eNodeB or pico base station, based on
transmission power and thereby also cell size. Typically, the
wireless communications network 100 may comprise more
cells similar to the first cell 121 and the second cell 122,
served by their respective network node. This 1s not depicted
in FI1G. 1 for the sake of simplicity. Each of the first network
node 111, and the third network node 113 may support one
or several communication technologies, and its name may
depend on the technology and terminology used. In 3GPP
L'TE, the first network node 111 and the third network node
113, which may be referred to as eNodeBs or even eNBs,
may be directly connected to one or more core networks.

The second network node 112 may communicate with the
other network nodes, e.g., the first network node 111 and the
third network node 113. For example, the second network
node 112 may be a radio controller, e.g. a Radio Network
Controller (RNC) or a Base station Controller (BSC), or a
node 1n a core network, e.g., a Mobility Management Entity
(MME). The network node 111 and the third network node
113 may communicate with the second network node 112
over a first link 131 and over a second link 132, respectively.
The network node 111 may communicate with the third
network node 113 over a third link 140.
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A number of wireless devices are located in the wireless
communications network 100. In the example scenario of
FIG. 1, only two wireless devices are shown out of a mixture
of wireless devices 1n the wireless communications network
100. The mixture of wireless devices comprises one or more
HD-FDD wireless devices 151, also referred to herein as
first wireless devices 1351, which are represented in the
Figure with one first wireless device 151 for the sake of
simplicity. The mixture also comprises one or more FD-
FDD wireless devices 152, also referred to herein as second
wireless devices 152, which are represented in the Figure
with one second wireless device 152 for the sake of sim-
plicity. Any of the one or more HD-FDD wireless devices
151 and the one or more FD-FDD wireless devices 152 may
be referred to herein simply as a wireless device 153, unless
otherwise specified. Each of the first wireless devices 151
and the second wireless devices 152 1s a wireless commu-
nication device such as a UE, which 1s also known as e.g.,
mobile terminal, wireless terminal, mobile station, mobile
telephone, and/or cellular telephone. Any reference herein to
a UE 1s understood to also refer to a wireless device. Further
examples of different wireless devices include laptops with
wireless capability, modems, Personal Digital Assistants
(PDA), or tablet computers, sometimes referred to as a surt
plates with wireless capability, Machine-to-Machine (M2M)
devices, devices equipped with a wireless interface, such as
a printer or a file storage device, Machine Type Communi-
cation (MTC) devices such as sensors, just to mention some
examples. Each of the devices 1s wireless, 1.e., 1t 1s enabled
to communicate, e.g., voice and/or data, wirelessly 1n the
wireless communications network 100. The communication
may be performed e.g., between two devices, such as
between the one of the first wireless device 151 and one of
the one of the second wireless devices 152, as described
above, between a device and a regular telephone and/or
between a device and another entity, such as a server or any
other radio network unit capable of communicating over a
radio link 1n the wireless communications network 100. The
communication may be performed e.g., via a RAN and
possibly the one or more core networks comprised within
the wireless communications network 100.

It 1s noted that any reference herein to the first wireless
devices 151 1s understood to comprise a reference to one or
more first wireless devices 151, unless noted otherwise. It 1s
noted that any reference herein to the second wireless
devices 152 1s understood to comprise a reference to one or
more first wireless devices 152, unless noted otherwise.

The first wireless devices 151 are located within the cell
121. The first wireless devices 151 are configured to com-
municate within the wireless communications system 100
via the first network node 111 over a first radio link 161
when the first wireless devices 151 are present 1n the cell 121
served by the first network node 111.

In this example, the second wireless devices 152 are also
located within the cell 121. However, 1n other embodiments,
the second wireless devices 152 may be located within the
radio coverage of the first wireless devices 151, 1n another
cell. When the second wireless devices 152 are present in the
cell 121, they are configured to communicate within the
wireless communications network 100 via the first network
node 111 over a radio link such as e.g. a second radio link
162. When the second wireless devices 152 are present 1n
another cell, e.g., cell 122, they are configured to commu-
nicate within the wireless communications network 100 via
another network node serving the another cell, such as the
third network node 113 over another radio link similar the

second radio link 162.
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The first wireless devices 151 may be capable of com-
municating with other wireless devices, such as the second
wireless devices 152, using wireless Device-to-Device
(D2D) communication over a D2D link 180. The second
wireless devices 152 may be capable of communicating with
other wireless devices, such as the first wireless device 151,
using wireless D2D communication over a D2D link such as

the D2D link 180, 1n the case of the first wireless devices
151, or a stmilar D2D link.

In the description herein “a wireless device 151, 152,
1537 or “the wireless device 151, 152, 153 refers to any
wireless device of the first wireless devices 151 and the
second wireless devices 152, unless noted otherwise.

Several embodiments are comprised herein. Embodi-
ments herein may be related to methods implemented 1n a
network node and a UFE, also referred to herein as a wireless
device.

According to the foregoing description of the wireless
communications network 100, embodiments herein may be
understood, 1n other words, to relate to a scenario with a
mixture of HD-FDD and FD-FDD UEs. UEs are also
referred to herein as wireless devices.

Description of a Scenario with a Mixture of HD-FDD and
FD-FDD UEs

The scenario may comprise at least a first network node
111 and a HD-FDD UFE, such as the first wireless devices
151, and a FD-FDD UFE, such as the second wireless devices
152. The scenario may further comprise of one or more
network nodes: a second radio node, such as the second
network node 112 and a third network node, such as the third
network node 113. Any reference herein to a second network
node 1s understood to apply to the second network node 112.
Any reference herein to a third network node 1s understood
to apply to the third network node 113.

The first network node may be capable of serving a
mixture of HD-FDD UEs and FD-FDD UEs 1n the UL
and/or 1n the DL radio resources 1n a first cell, such as the
first cell 121. The HD-FDD UEs and FD-FDD UEs may
therefore be served by the first cell, which may be 1n turn
served or be managed by the first network node. The first
network node may be capable of operating in FD-FDD
operational mode. The third network node may serve a
second cell, which may be a neighboring cell of the first cell;
but they may or may not be geographically adjacent to each
other.

The scenario may further comprise that the second net-
work node may communicate with the other network node
or nodes, e.g., first and third network nodes. For example,
the second network node may be a radio controller, e.g.,
RINC or BSC, or a node 1n a core network, e.g., MME. The
UE may further communicate with the second network node
and/or third network node. In some embodiments the first
and the second network nodes are the same e.g. eNode B 1n
LTE.

A generic term ‘time resource’ 1s used hereinaiter. A time
resource may be a subset of time unit within a radio frame.
Typically, 1t may be a subirame, which 1s 1 ms in LTE; but
it may also be a time slot, symbol, group of time slot or
subframes, TTI etc.

In general terms, embodiments herein may be understood
to relate to a method 1n a network node of determining and
using time resources for scheduling a mixture of HD-FDD
and FD-FDD UEs. Any reference herein to “using” may be
understood as “performing” an act, 1.e., an operation, “based
on” what 1t used. Thus, “using time resources for scheduling
a mixture of HD-FDD and FD-FDD UEs” may be under-

stood as “performing scheduling of a mixture of HD-FDD
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and FD-FDD UEs, based on time resources”. Embodiments
herein may also be understood, 1n general, as referring to a
method 1 a node of using the mmformation obtained about
time resources used for scheduling a mixture of HD-FDD
and FD-FDD UEs 1n a first network node such as the first
network node 111. Any reference herein to a first network
node 1s understood to apply to the first network node 111.

Embodiments of a method performed by the first network
node 111 for handling scheduling of the one or more wireless
devices, will now be described with reference to the flow-
chart depicted depicted in FIG. 2. As stated earlier the first
network node 111 operates 1n the wireless communications
network 100.

The method may comprise the following actions, which
actions may as well be carried out 1n another suitable order
than that described below. In some embodiments, the first
network node 111 may perform all actions, whereas 1n other
embodiments, some actions may be performed. The optional
actions are indicated.

Action 201

Due to the nature of how the HD-FDD wireless devices
operate, there are time resources which are not used or are
not expected to be used by a HD-FDD wireless device due
to transition between an UL and a DL time resource. This
type of time resources are also called unused time resources
since 1n such time resources, a HD-FDD wireless device
cannot be served or scheduled.

In order to more efliciently use time resources for sched-
uling wireless devices, the first network node 111 may take
advantage of these time resources unused by the HD-FDD
wireless devices 151, to schedule in them the FD-FDD
wireless devices 152, 1n for example, the described scenario
ol the mixture of the one or more HD-FDD wireless devices
151 and the one or more FD-FDD wireless devices 152.

Thus, before scheduling the one or more FD-FDD wire-
less devices 152, the first network node 111 may obtain
information, €.g., a pattern, about time resources of different
types. Each type may be related to whether they are used, or
not, or whether they are to be used, or not, by the one or
more HD-FDD wireless devices 151. According to this,
there may be three types of time resource:

A first type of time resource 1s used by at least one
wireless device of one or more Half Duplex-Frequency
Division Duplex, HD-FDD wireless devices 151 operating
in the wireless communications network 100.

A second type of time resource 1s not used by the one or
more HD-FDD wireless devices 151 due to a transition at the
HD-FDD wireless devices 151 between UpLink, UL, and
Downl.ink, DL, time resources, due to a transition at the
HD-FDD wireless devices 151 between UpLink, UL, and
Downlink, DL, time resources.

In some embodiments, there may be a third type of time
resource, which 1s any time resource other than the first and
the second types of time resources.

As explained earlier, the time resource may be one of a:
symbol, time slot, subiframe, Transmission Time Interval,
TTI, and interleaving time. In some embodiments, the first
type of time resource may be one or more of: DL subiframe
0, DL subframe 5 or UL subirame configured to transmit a
reference signal.

According to the foregoing, in this action, the first net-
work node 111 obtains information about the first type of
time resource. As will be further explained later, the
obtained 1nformation about the first type of time resource
may comprise a pattern of at least one time resource of one
or more of: the first type of time resource, the second type
of time resource and the third type of time resource. The
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information may further comprise an identifier, e.g., sub-
frame numbers, of every type of time resource, that 1s, of the
first type of time resource, the second type of time resource
and the third type of time resource. The information may
cven further comprise a maximum amount of traflic load,
¢.g., maximum number of UEs, bit rate etc . . . , that may be
handled or served over a time e.g., in a frame or group of
frames, by the first type of time resource, the second type of
time resource and the third type of time resource.

The obtaining information about any of the first, second
and third types of time resource may comprise one or more
ol: a) autonomously determining the information, b) receiv-
ing the information from the second network node 112
operating in the wireless communications network 100, ¢)
receiving the information from another wireless device, and
d) reading pre-defined or stored information.

In some embodiments, the network node 111 may apply
an additional rule or restriction to define a subset of
resources, to make them relevant, e.g., for a specific mea-
surement. This may be implemented as a rule/guidance for
obtaining, e.g., “if the resources to be obtained are for <a
specific measurement>, then only subirame X and/or sub-
frame Y are relevant” where, depending on the exact criteria,
either at least one or both of X and Y may need to be
available. Accordingly, the obtaining information may com-
prise selecting one or more types of time resources of the
first, second and third type based on one or more of the
following criteria:

a. type of radio measurements to be performed by the at
least one wireless device of the one or more HD-FDD
wireless devices 151. For example RSRP and RSRQ)
may require any subirame containing CRS. But cell
search may require DL subirame 0 and/or DL subirame
5. CGI acquisition may require both DL subirame 0 and
DL subirame 5 as well;

b. type of base station radio measurements performed on
signals transmitted by the at least one wireless device
of the one or more HD-FDD wireless devices 151. For
example, a eNode B, such as the first network node 111,
Rx-Tx time difference may require that the UE trans-
mits SRS in certain UL subirames every N frames, e.g.,
N may be 2 or 4;

c. number of time resources needed for wireless device
radio measurements performed by the at least one
wireless device of the one or more HD-FDD wireless
devices 151. For example, RSRP and RSRQ may
require typically 2 DL subirames every N frames, ¢.g.
N may be 2 or 4;

d. number of time resources needed for base station radio
measurements on signals transmitted by the at least one
wireless device of the one or more HD-FDD wireless
devices 151. For example the eNode B Rx-Tx time
difference may require that the UE transmits SRS 1n
certain UL subirames every N frames, ¢.g. N may be 2
or 4;

¢. time synchronization level between cells on which the
at least one wireless device of the one or more HD-
FDD wireless devices 151 performs measurements. For
example, 1f the cells are frame synchronized, then all
UL and DL subirames between cells are aligned within
a margin, e.g., £3 us. In this case, the DL and UL
subirames used by the UE for doing measurements 1n
serving and neighboring cells may also be time aligned.
But 1f the frames between cells are not aligned, then
network node may have to ensure that subirames
needed for doing measurements 1n serving and neigh-

boring cells are available at the HD-FDD UE;
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f. UL resources needed for enabling a wireless device
served by the first network node 111 to send a mea-
surement report to the first network node 111. This may
apply to any wireless devices served by any network
node that has different types of wireless devices/re-
sources. The UL resources may not be less frequent
than the needed/configured reporting periodicity.
Theretore, the type of subframe to select may take into
account UL resources that may be needed for enabling
the UE to send measurement reports to the network
node;

g. Discontinuous Reception, DRX/Discontinuous Trans-
mission, DTX, configuration of wireless devices 1n the

first cell 121 served by the first network node 111. If the

UE 1s mn DRX, then the network node may allocate

limited first type of subirames, since UE uses them

inirequently in DRX.

Alternatively, the selection according to the criteria just
described may be performed after or in the end of the
obtaining action 201, or any of actions 202 and 203,
described below.

Action 202

In this action, the first network node 111 obtains infor-
mation about a second type of time resource.

The obtaining information about the second type of time
resource may be implemented as described above for obtain-
ing information about the first type of time resource.

Action 203

In this action, the first network node 111 may obtain
information about the third type of time resource. This
action 1s optional.

The obtaiming information about the third type of time
resource may be implemented as described above for obtain-
ing information about the first type of time resource.

The obtamned information about any of the first type,
second type and third type of time resource may comprise a
pattern of at least one time resource of one or more of: the
first type of time resource, the second type of time resource
and the third type of time resource.

Action 204

Once the mformation about the first and second types of
time resource, and in some embodiments also of the third
type of time resource, has been obtained, the first network
node 111 may be 1n a better position to more et

iciently use
the time resources to schedule the one or more FD-FDD
wireless devices 152. That 1s, the first network node 111 may
schedule FD-FDD wireless devices 152 in time resources
that may not be used by the HD-HDD wireless devices 151
due to a transition between UL and DL resources.

Thus, 1n this action, the first network node 111 schedules
a first wireless device out of the one or more FD-FDD
wireless devices 152 during the second type of time
resource, based on the obtained information about the sec-
ond type of time resource. This may ensure that these time
resources, which are not used by the HD-FDD wireless
devices 151, are instead used by the FD-FDD wireless
devices 152.

Action 205

Under some conditions, 1t may be a more eflicient use of
time resources to also schedule FD-FDD wireless devices
152 1n time resources that are used by the HD-HDD wireless
devices 151. This may be done to increase the number of
wireless devices sharing the same resources on average.

Thus, 1n this action, the first network node 111 decides
whether or not to schedule a second wireless device out of
the FD-FDD wireless devices 152 during the first type of
time resource, based on the obtained information about the
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first type of time resource, and further based on whether one
or more first conditions are met.

The one or more first conditions may comprise at least one
of:

a. the number of the HD-FDD wireless devices 151 1n the
first cell 121 served by the first network node 111 1is
below a first threshold. Herein, threshold 1s understood
to correspond to a value set for example by an operator
of the wireless communications network 100;

b. the number of the HD-FDD wireless devices 151
scheduled or to be scheduled during the first type of
time resource 1s below a second threshold;

c. a signal quality during the first type of time resource 1s
above a third threshold.

In some embodiments, the scheduling by the first network
node 111 1n action 204 further comprises scheduling a third
wireless device out of the FD-FDD wireless devices 152
during the third type of time resource provided one or more
second conditions are met. That 1s, 1f the number of FD-FDD
wireless devices 1n the cell 1s below a threshold e.g., 50 for
cell bandwidth of 10 MHz or more, then the network may
preferably use third type of time resources for scheduling
FD-FDD wireless devices. In this way, some of the resources
used for scheduling HD-FDD and FD-FDD wireless devices
may be kept orthogonal, 1.e., different for these two kinds of
wireless devices. This may ensure better interference man-
agement.

The one or more second conditions may comprise one or
more of:

a. the number of the FD-FDD wireless devices 152 1s

below a fourth threshold 1n the first cell 121 served by
the first network node 111;

b. the number of FD-FDD wireless devices 152 scheduled
or expected to be scheduled during the third type of
time resource 1s below a fifth threshold; and

c. a signaling quality during the third type of time
resource 1s above a sixth threshold.

Action 206

In this action, the first network node 111 may send the
obtained information about any of the first, second and third
types of time resource to at least one of: the third network
node 113 operating 1n the wireless communications network
100, and one or more of the HD-FDD and/or FD-FDD
wireless devices 151, 152. This action 1s optional.

The obtained information may then be used by the recipi-
ent network node or wireless device to perform one or more
actions, taking advantage of the knowledge provided by the
sent information. For example, a HD-FDD UE may turn off
its battery during unused subirames or during subirames
which are used only for FD-FDD, as will be described later.

The mformation may be transmitted in the form of a
pattern of resources tagged by their pre-defined 1dentifiers.
For example 1D 0, 1 and 2 may represent first, second and
third type of time resources. The pattern may be repeated
over a radio frame or over a group of frames such as L
number of radio frames e.g. L=4. A pattern may also be
signalled for one radio frame or group of frames and they
may apply also for all subsequent frames or group of frames,
unless new pattern 1s signaled. The pattern may also be
associated with timing information, e.g., reference starting
time of the pattern such as System Frame Number (SFN)=0.
This may allow the receiving node to know when the
received pattern starts in the transmitting network node.

In other words, Actions 201-206 may be viewed as
relating to a method 1n network node of determiming and
using time resources for scheduling mixture of HD-FDD and

FD-FDD UEs, the method comprising:
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Obtaining Information
Through actions 201-203, the network node, which may
be a first network node, or a second network node, may
obtain at least the following information about different
types of time resources:
At least information about one {irst type of time resource,
which 1s used or expected to be used or may be used by
a HD-FDD UE ifor doing measurement and/or sched-
uling data. The first type of time resource(s) may be UE

specific or may be an aggregate set of time resources
for all HD-FDD UEs 1 a cell or for a group of

HD-FDD UEs 1n the cell. This corresponds to Action
201;
At least information about one second type of time

resource, which 1s not used or 1s not expected to be used
by a HD-FDD UE due to transition at the HD-FDD UE
between an UL and DL time resources. This type of
time resource 1s also called unused time resource due to
the UL-to-DL or DL-to-UL transition 1.e. 1t 1s destroyed
or lost at the HD-FDD UE due to the transition. In such
time resource, €.g., a subiframe, a HD-FDD UE may not
be served or scheduled. The unused time resource may
lie between any two successtve UL and DL time
resources which are available at the HD-FDD UE for
scheduling data and/or doing measurement. The second
type of time resource(s) may be UE specific or may be
an aggregate set of time resources for all HD-FDD UEs
in a cell or for a group of HD-FDD UEs 1n the cell. This
corresponds to Action 202;

The network node may further obtain the following
information about:

At least information about one third type of time resource
which 1s any time resource other than the first and the
second types of time resources. This corresponds to
Action 203.

FIG. 3 shows an example of the first, second and third
types of time resource, 1n an embodiment wherein the time
resource 1s a subframe/s 1n a radio frame.

If the second network node obtains, e.g., determines, any
one or more of the above set of information then 1t may
signal them to the first network node. The first network node
may eventually use this for scheduling HD-FDD and FD-
FDD UEs as elaborated 1n the section entitled “Using the
obtained information for scheduling, 1.e., performing sched-
uling based on the obtained information”.

The time resource may be used by the UE for reception
and/or transmission of radio signals for the purpose of one
or more of: scheduling data or transmitting, such as random
access transmission in the UL, and/or higher layer signaling,
performing radio measurements etc. Any ol the time
resource may be i UL or DL 1.e. UL subirame or DL
subirame.

Criteria Used for Obtamming Different Types of
Time Resources

As described above 1n relation to Action 201, the network
node, that 1s, the first or second network node, may use one
or more of the following criteria for selecting one or more
for the first and the second type of time resources:

Type of radio measurements performed by a HD-FDD

UE.

Type of base station radio measurements performed on

signals transmitted by a HD-FDD UE.

Number of time resources needed for UE radio measure-

ments performed by a HD-FDD UE._
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Number of time resources needed for base station radio
measurements on signals transmitted by a HD-FDD
UE.
Time synchronization level between cells on which a
HD-FDD UE performs measurements.
Measurement reporting configuration.
UE DRX/DTX configuration.
Using the Obtaimned Information for Scheduling, 1.e.,
Performing Scheduling Based on the Obtained Information

Through Actions 204 and 205, the first network node may
use the obtained information related to different types of
subirames determined 1n Actions 201-203 for scheduling
HD-FDD and FD-FDD UEs according to one or more of the
following principles.

The FD-FDD UEs may be scheduled during the second
type of time resources. This may ensure that these time
resources, which are not used by HD-FDD UEs, are
instead used by FD-FDD UEs. This corresponds to
Action 204.

The HD-FDD UEs may be scheduled during the first type
of time resources, 1.¢., during the subirames which are
made available at the UE for doing radio measurements
in UL and/or DL. This may be done to avoid the need
for having separate time resources for radio measure-

ments and for scheduling of data 1n case of HD-FDD
UEs.

The FD-FDD UEs may or may not be scheduled in the
first type of time resources depending upon whether
one or more first conditions are met. This corresponds
to Action 205. For example the FD-FDD UEs may also
be selectively scheduled 1n first type of time resources
provided one or more first conditions are met. This 1s to
limit the number of UEs from sharing the same

resources. Examples of scenarios when a first condition
1s met are:

Number of HD-FDD UEs 1n a cell 1s below a threshold:

Number of HD-FDD UEs served or scheduled or which
will be scheduled in the first type of time resource 1s
below a threshold;

Signal quality in the first time resource 1s above a
threshold, e.g., SINR or SNR 1s above a threshold;

Number of FD-FDD UEs served or scheduled or which
will be scheduled 1n the first type of time resource 1s

below a threshold;
Number of FD-FDD UEs 1n a cell 1s above a threshold;

Amount of data in buffer for FD-FDD UEs 1s above a
threshold.

The FD-FDD UEs may or may not be scheduled 1n third
type of time resources depending upon whether one or
more second conditions are met. This corresponds to
particular embodiments of Action 204. For example the
FD-FDD UEs may also be selectively scheduled 1n
third type of time resources provided one or more
second conditions are met. Examples of scenarios when

a second condition 1s met are:
Number of FD-FDD UEs 1n a cell 1s below a threshold;

Number of FD-FDD UEs served or scheduled or will
be scheduled in the third type of time resource 1s
below a threshold:;

Signal quality 1n the third time resource 1s above a
threshold.

Transmitting the Obtained Information to Other Nodes

The network node (first network node or second network
node) may also transmit the obtained information about any
one or more of the: first type, second type and third type of
time resources to other nodes. This corresponds to Action

206.
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Examples of other nodes which may receive the informa-
tion are:

Third network node e.g. neighboring network node such
as a neighboring eNode B

UE

The above nodes may use the received information for

different tasks as described 1n the section entitled “Method

in a node of using the information about time resources used

for scheduling mixture of HD-FDD and FD-FDD UEs 1n
first network node”.

Embodiments herein are applicable to single carrier as
well as to multicarrier or Carrier Aggregation (CA) opera-
tion of the UE, in which the UFE 1s able to receive and/or
transmit data to more than one serving cell. The term Carrier
Aggregation (CA) 1s also called, e.g. interchangeably called,

“multi-carrier system”, “multi-cell operation™, “multi-car-

rier operation”, “multi-carrier” transmission and/or recep-
tion. In CA, one of the Component Carriers (CCs) 1s the
Primary Component Carrier (PCC), or simply primary car-
rier, or even anchor carrier. The remaining ones are called
Secondary Component Carriers (SCC), or stmply secondary
carriers, or even supplementary carriers. The serving cell 1s
interchangeably called as primary cell (PCelll) or primary
serving cell (PSC). Similarly, the secondary serving cell 1s
interchangeably called as Secondary Cell (SCell) or Sec-
ondary Serving Cell (SSC).

Embodiments of a method performed by the wireless
device 151, 152, 153 served by the first network node 111 for
performing one or more operations, will now be described
with reference to the flowchart depicted depicted 1 FIG. 4.
As stated earlier the wireless device 151, 152, 153 and the
first network node 111 operate in the wireless communica-
tions network 100. The one or more HD-FDD wireless
devices 151, and the one or more FD-FDD wireless devices
152 operate 1n the wireless communications network 100.

The method may comprise the following actions, which
actions may as well be carried out 1n another suitable order
than that described below. In some embodiments, the wire-
less device 151, 152, 153 may perform all actions, whereas
in other embodiments, some actions may be performed. The
optional actions are indicated.

Action 401

The information about any of the first, second and third
types ol time resource, as described above, may also be used
by the wireless device 151, 152, 153, to perform one or more
operations, €.g., radio operations, based on the obtained
information, taking advantage of the knowledge provided by
this information. For example, a HD-FDD UE may turn off
its battery during unused subirames or during subirames
which are used only for FD-FDD. Accordingly, first, in this
action, the wireless device 151, 152, 153 obtains the infor-
mation about the first type of time resource, wherein the first
type of time resource 1s used by at least one wireless device
of the HD-FDD wireless devices 151.

The information may be obtained by one or more of

a. autonomously determining the information,

b. receiving information from the first network node 111,

c. recerving 1nformation from the second network node

112 operating 1n the wireless communications network
100,

d. recerving from another wireless device, and

¢. reading pre-defined or stored information.

Action 402

In this action, the wireless device 151, 152, 153 obtains
information about the second type of time resource, wherein
the second type of time resource 1s not used by the HD-FDD
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wireless devices 151 due to transition at the HD-FDD
wireless devices 151 between UpLink, UL, and DownlLink,

DL, time resources.

The obtaining information about the second type of time
resource may be implemented as described 1n action 401 for
obtaining information about the first type of time resource.

Action 403

In this action, the wireless device 151, 152, 153 obtains
information about the third type of time resource, which 1s
any time resource other than the first and the second types
ol time resources.

The obtaining information about the third type of time
resource may be implemented as described 1n action 401 for
obtaining information about the first type of time resource.

As described betore, the obtained information about any
of the first type, second type and third type of time resource
may comprise a pattern of at least one time resource of one
or more of: the first type of time resource, the second type

of time resource and the third type of time resource.
Action 404

In this action, the wireless device 151, 152, 153 performs
one or more operations based on the obtained information
about the first type and the second type of time resource. The
operations are one or more of the following:

a. adapting wireless device battery power based on the

obtained information. For example, the wireless device
151, 152, 153 may turn off its battery during the second
type of time resource and therefore save its power and
extend the battery life;

b. performing one or more measurements on signals of
one or more: cells operating on one or more non-
serving carrier frequencies, and/or RATs other than that
of a serving RAT of the wireless device 151, 152, 153.
For example, the wireless device 151, 152, 153 may
perform measurements only during the first type of
radio resource. This 1s because during the first type of
time resource the wireless device 151, 152, 153 may
receive or transmit signals; and

c. processing data. For example, the wireless device 151,
152, 153 may process data during the second type of
time resource. This 1s because during this time, the
wireless device 151, 152, 153 may not be scheduled or
may not perform any radio measurement.

Action 405

In this action, the wireless device 151, 152, 153 may
transmit the obtained information to other nodes operating in
the wireless communications network 100, such as at least
one of: another wireless device 151, 152, a second network
node 112, a third network node 113, and another node. This
action 1s optional.

In other words, Actions 401-405 may be viewed as
relating to a method 1n a node of using the information about
time resources used for scheduling a mixture of HD-FDD
and FD-FDD UEs 1n the first network node. In Actions
401-405, the node 1s a wireless device or UE. In alternative
embodiments of this method, the node may be, e.g., the third
network node 113. The node, may use the information about
time resources used for scheduling the mixture of HD-FDD
and FD-FDD UEs 1n first network node, for one or more
operational tasks or actions. This corresponds to Action 404.

Examples of such tasks which may be performed by the
UE are:

Storing the pattern and using it at a future time;

Adapting UE battery power or a UE activity/inactivity
periods configuration based on the obtained informa-
tion, e.g. the pattern;
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HD-FDD UE may process previously received data dur-
ing unused subirames;

Transmitting the pattern to other nodes e.g. UE and/or
second network node and/or third network node.

Examples of such tasks which may be performed by the

third network node are:
Storing the pattern and using 1t at a future time;
Using the pattern for adapting its own pattern of time

resources for scheduling FD-FDD and/or HD-FDD
UEs.

Using the pattern information for mitigating interference
¢.g. scheduling fewer UEs 1n a time resource, e.g., DL
subirame 3, whose corresponding time resource, €.g.,
also subframe 3 assuming nodes are frame aligned, 1s

used for scheduling large number of UEs or for mixture
of FD-HDD and HD-FDD UE:s.

Transmitting the pattern to other nodes e.g. the second

network node.

Using the pattern for adapting the UE activity/inactivity

periods configuration, e.g., DRX, to the pattern.

An advantage of embodiments disclosed herein 1s that the
disclosed methods enable an etflicient use of radio resources
in a mixture of HD-FDD and FDD UEs in the same cell. For
example, unused subirames due to transition between UL
and DL subirames in HD-FDD are more efliciently utilized
by assigning them to FDD UEs.

Another advantage of embodiments disclosed herein 1s
that the interference 1n certain subiframes used for measure-
ments by the HD-FDD UEs i1s reduced by avoiding sched-
uling of FDD UFEs. This 1n turn enhances the performance of
measurements for HD-FDD UEs.

To perform the method actions described above 1n relation
to FIG. 2 by the first network node 111 1s configured to
handle scheduling of one or more wireless devices. The first
network node 111 may comprise the following arrangement
depicted i FIG. 5. As already mentioned, the first network
node 111 1s configured to operate in the wireless commu-
nications network 100.

The detailed description of some of the following corre-
sponds to the same references provided above, 1n relation to
the actions described for the first network node 111, and waill
thus not be repeated here.

The first network node 111 1s further configured to, e.g.,
by means of an obtaining module 501 configured to, obtain
information about the first type of time resource, wherein the
first type of time resource 1s configured to be used by the at
least one wireless device of the one or more HD-FDD
wireless devices 151.

The obtaining module 501 may be a processor 503 of the
first network node 111, or an application running on such
Processor.

The first network node 111 1s further configured to, e.g.,
by means of the obtaining module 501 configured to, obtain
information about the second type of time resource, wherein
the second type of time resource 1s configured to not be used
by the one or more HD-FDD wireless devices 151 due to a
transition at the HD-FDD wireless devices 151 between UL
and DL time resources.

The first network node 111 may be further configured to,
¢.g., by means of the obtaining module 501 configured to,
obtain information about the third type of time resource,
which 1s any time resource other than the first and the second
types of time resources.

To obtain information about any of the first, second and
third types of time resource may comprise one or more of:

a. to autonomously determine the information,




US 10,674,527 B2

21

b. to receive the information from the second network
node 112 configured to operate in the wireless com-
munications network 100;

c. to receive the information from another wireless device,
and

d. to read pre-defined or stored information.

In some embodiments, to obtain information comprises to

select one or more types of time resources of the first, second
and third type based on one or more of the following criteria:

a. the type of radio measurements to be performed by the
at least one wireless device of the one or more HD-

FDD wireless devices 151,

b. the type of base station radio measurements performed
on signals transmitted by the at least one wireless

device of the one or more HD-FDD wireless devices
151;

c. the number of time resources needed for wireless
device radio measurements performed by the at least
one wireless device of the one or more HD-FDD
wireless devices 151;

d. the number of time resources needed for base station
radio measurements on signals transmitted by the at
least one wireless device of the one or more HD-FDD
wireless devices 151;

¢. the time synchronization level between cells on which
the at least one wireless device of the one or more
HD-FDD wireless devices 151 performs measure-
ments;

f. the UL resources needed for enabling a wireless device
served by the first network node 111 to send a mea-
surement report to the first network node 111;

g. the DRX/DTX, configuration of wireless devices in the
first cell 121 served by the first network node 111.

In some embodiments, the obtained information about
any ol the first type, second type and third type of time
resource comprises the pattern of at least one time resource
of one or more of: the first type of time resource, the second
type of time resource and the third type of time resource.

The time resource may be one of a: symbol, time slot,
subiframe, TTI, and interleaving time.

In some embodiments, the first type of time resource 1s
one or more of: a DL subframe 0, a DL subframe 5 or an UL
subirame configured to transmit a reference signal.

The first network node 111 1s further configured to, e.g.,
by means of a scheduling module 502 configured to, sched-
ule the first wireless device out of the one or more FD-FDD
wireless devices 152 during the second type of time
resource, based on the obtained information about the sec-
ond type of time resource.

The scheduling module 503 may be the processor 505 of
the first network node 111, or an application running on such
Processor.

In some embodiments, to schedule further comprises to
schedule the third wireless device out of the FD-FDD
wireless devices 152 during the third type of time resource
provided one or more second conditions are met.

The one or more second conditions may comprise one or
more of:

a. the number of the FD-FDD wireless devices 152 1s

below the fourth threshold 1n the first cell 121 served by
the first network node 111;

b. the number of FD-FDD wireless devices 152 scheduled
or expected to be scheduled during the third type of
time resource 1s below the fifth threshold; and

c. the signaling quality during the third type of time
resource 1s above the sixth threshold.

10

15

20

25

30

35

40

45

50

55

60

65

22

The first network node 111 1s further configured to, e.g.,
by means of a deciding module 503 configured to, decide
whether or not to schedule the second wireless device out of
the FD-FDD wireless devices 152 during the first type of
time resource, based on the obtained information about the
first type of time resource, and further based on whether the
one or more first conditions are met.

The deciding module 503 may be the processor 505 of the
first network node 111, or an application running on such

Processor.
The one or more first conditions may comprise at least one

of:

a. the number of the HD-FDD wireless devices 151 1n the
first cell 121 served by the first network node 111 1is
below the first threshold;

b. the number of the HD-FDD wireless devices 151
scheduled or to be scheduled during the first type of
time resource 1s below the second threshold;

c. the signal quality during the first type of time resource
1s above the third threshold.

The first network node 111 may be further configured to,
¢.g., by means of a sending module 504 configured to, send
the obtained information about any of the first, second and
third types of time resource to at least one of: the third
network node 113 configured to operate in the wireless
communications network 100, and one or more of the
HD-FDD and/or FD-FDD wireless devices 151, 152.

The sending module 504 may be the processor 503 of the
first network node 111, or an application running on such
Processor.

To perform the method actions described above 1n relation
to FIG. 4, the wireless device 151, 152, 153 1s configured to
be served by the first network node 111 for performing one
or more operations. The wireless device 151, 152, 153 may
comprise the following arrangement depicted 1n FIG. 6. As
already mentioned, the wireless device 151, 152, 153 and the
first network node 111 are configured to operate in the
wireless communications network 100. The one or more
HD-FDD wireless devices 151, and the one or more FD-
FDD wireless devices 152 are configured to operate in the
wireless communications network 100.

The detailed description of some of the following corre-
sponds to the same references provided above, 1n relation to
the actions described for the wireless device 151, 152, 153,
and will thus not be repeated here.

The wireless device 151, 152, 153 i1s further configured to,
¢.g., by means of an obtaining module 601 configured to,
obtain the information about the first type of time resource,
wherein the first type of time resource 1s configured to be
used by the at least one wireless device of the HD-FDD
wireless devices 151.

The obtaining module 601 may be a processor 604 of the
wireless device 151, 152, 153, or an application running on
such processor.

The wireless device 151, 152, 153 1s turther configured to,
¢.g., by means of the obtaining module 601 configured to,
obtain the information about the second type of time
resource, wherein the second type ol time resource 1s
configured to not be used by the HD-FDD wireless devices
151 due to transition at the HD-FDD wireless devices 151
between UL and DL time resources.

The wireless device 151, 152, 153 may be further con-
figured to, e.g., by means of the obtaining module 601
configured to, obtain the information about the third type of
time resource, which 1s any time resource other than the first
and the second types of time resources.
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In some embodiments, the information 1s configured to be
obtained by one or more of:

a. autonomously determiming the mmformation,

b. receiving information from the first network node 111,

c. receiving information from the second network node
112 configured to operate 1n the wireless communica-
tions network 100,

d. receiving from another wireless device, and

¢. reading pre-defined or stored information.

The obtained information about any of the first type,
second type and third type of time resource may comprise
the pattern of at least one time resource of one or more of the
first type of time resource, the second type of time resource
and the third type of time resource.

The wireless device 151, 152, 1353 1s further configured to,
¢.g., by means of a performing module 602, perform one or
more operations based on the obtained information about the
first type and the second type of time resource wherein the
operations are one or more of the following:

a. to adapt wireless device battery power based on the

obtained information,

b. to perform one or more measurements on signals of one
or more: cells operating on one or more non-serving
carrier irequencies, and/or RATs other than that of a
serving RAT of the wireless device 151, 152, 153, and

c. to process data.

The performing module 602 may be the processor 604 of
the wireless device 151, 152, 153, or an application running
on such processor.

The wireless device 151, 152, 153 may be further con-
figured to, e.g., by means of a transmitting module 603,
transmit the obtained information to other nodes operating in
the wireless communications network 100, such as at least

one of: another wireless device 151, 152, the second net-
work node 112, the third network node 113, and another
node.

The transmitting module 603 may be the processor 604 of
the wireless device 151, 152, 153, or an application runming,
on such processor.

The embodiments herein may be implemented through
one or more processors, such as the processor 505 1n the first
network node 111 depicted in FIG. 5, and the processor 604
in the wireless device 151, 152, 153 depicted in FIG. 6,
together with computer program code for performing the
functions and actions of the embodiments herein. The pro-
gram code mentioned above may also be provided as a
computer program product, for mnstance 1n the form of a data
carrier carrying computer program code for performing the
embodiments herein when being loaded into the 1n the first
network node 111 or the wireless device 151, 152, 153. One
such carrier may be in the form of a CD ROM disc. It 1s
however feasible with other data carriers such as a memory
stick. The computer program code may furthermore be
provided as pure program code on a server and downloaded
to the first network node 111 or the wireless device 151, 152,
153.

The first network node 111 and the wireless device 151,
152, 153 may further comprise a memory 506, 605, respec-
tively, comprising one or more memory units. The memory
506, 605 1s arranged to be used to store obtained informa-
tion, store data, configurations, schedulings, and applica-

tions etc. to perform the methods herein when being
executed 1n the first network node 111 or the wireless device

151, 152, 153.

In some embodiments, information may be received by
the first network node 111 and the wireless device 151, 152,
153, respectively, through a receiving port 307, 606, respec-

10

15

20

25

30

35

40

45

50

55

60

65

24

tively. The receiving port 507, 606 may be in communica-
tion with the processor 505, 604, respectively.

The processor 505, 604 may be further configured to send
messages, through a sending port 308, 607, which may be in
communication with the processor 305, 604, and the
memory 506, 603, respectively.

The first network node 111 may comprise other modules
509, which may be the processor 505 of the first network
node 111, or an application running on such processor.

The wireless device 151, 152, 153 may comprise other
modules 608, which may be the processor 604 of the
wireless device 151, 152, 153, or an application running on
such processor.

Those skilled in the art will also appreciate that the
obtaining module 3501, the scheduling module 502, the
deciding module 503, the sending module 504, the obtaining
module 601, the performing module 602, and the transmuit-
ting module 603 described above may refer to a combination
of analog and digital modules, and/or one or more proces-
sors configured with software and/or firmware, ¢.g., stored
in memory, that, when executed by the one or more proces-
sors such as the processors 305 and 604, perform as
described above. One or more of these processors, as well as
the other digital hardware, may be included 1 a single
Application-Specific Integrated Circuit (ASIC), or several
processors and various digital hardware may be distributed
among several separate components, whether individually
packaged or assembled mto a System-on-a-Chip (SoC).

Also, 1n some embodiments, the different modules 501-
504 and 601-603 described above may be implemented as
one or more applications running on one or More processors
such as the processors 5303 and 604, respectively.

Thus, the methods according to the embodiments
described herein for the first network node 111 or the
wireless device 151, 152, 153 may be respectively imple-
mented by means of a computer program product, compris-
ing 1instructions, 1.e., soltware code portions, which, when
executed on at least one processor, cause the at least one
processor to carry out the actions described herein, as
performed by the first network node 111 or the wireless
device 151, 152, 153, respectively. The computer program
product may be stored on a computer-readable storage
medium. The computer-readable storage medium, having
stored thereon the computer program, may comprise instruc-
tions which, when executed on at least one processor, cause
the at least one processor to carry out the actions described
herein, as performed by the first network node 111 or the
wireless device 151, 152, 153, respectively. In some
embodiments, the computer-readable storage medium may
be a non-transitory computer-readable storage medium, such
as a CD ROM disc, or a memory stick. In other embodi-
ments, the computer program product may be stored on a
carrier containing the computer program just described,
wherein the carrier 1s one of an electronic signal, optical
signal, radio signal, or the computer-readable storage
medium, as described above.

When using the word “comprise” or “comprising’ 1t shall
be interpreted as non-limiting, 1.e. meaning “consist at least
of”.

The modules described may be for performing any of the

pertinent embodiments described.

The embodiments herein are not limited to the above
described preferred embodiments. Various alternatives,
modifications and equivalents may be used.
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Therefore, the above embodiments should not be taken as
limiting the scope of the mvention.

Examples Related to Embodiments Herein

Embodiments herein may relate, for example, to a method
in a {irst network node configured to perform the method as
follows:

A first network node, e.g. a eNode B, 1n a system with at
least one HD-FDD UE and at least one FD-FDD UE 1s
configured for:

Obtaining a pattern of at least: a first type of time
resources which are required for serving at least
HD-FDD UEs, a second type of time resources
which 1s not used or 1s not expected to be used by a
HD-FDD UE due to transition at the HD-FDD UE
between an UL and DL time resources and wherein
the first type of time resources may also be used for
scheduling FD-FDD UEs provided one or more
conditions or criteria are met;

Serving or scheduling a mixture of HD-FDD and
FD-FDD UEs 1n a cell 1in time resources based on the
obtained pattern, e.g., set of pattern, of the said time
resources; and

Transmitting, or signalling, or sending, optionally, the
obtained pattern information to another network
node or a UE.

Embodiments herein may be understood to relate to a
method of scheduling 1n joint HD and FDD operation.

Embodiments herein may also relate, for example, to a
method 1n a UE configured to perform the method as
follows:

A UE 1s configured for:

Obtaining information about the pattern of at least: a
first type of time resources which are required for
serving at least HD-FDD UEs, a second type of time
resources which may only be used for FD-FDD UEs
and wherein the first type of time resources may also
be used for scheduling FD-FDD UEs provided one
or more conditions or criteria are met; and

Performing one or more operational tasks, €.g. saving
UE battery power by turning it off in certain time
resources not intended for use for the UE, based on
the obtained pattern information.

Embodiments herein may also relate to the following first
network node and wireless device examples, and the respec-
tive methods therein. The respective methods may comprise
the following actions, which actions may as well be carried
out 1n another suitable order than that described below. In
some examples, all the actions may be carried out, whereas
in other examples only some action/s may be carried out.

The first network node examples relate to FIGS. 2, 3 and
5. The wireless device examples relate to FIGS. 3, 4 and 6.

A method i a first network node 111 for handling
scheduling of one or more wireless devices, the first network
node 111 operating in a wireless communications network
100, wherein a mixture of wireless devices 151, 152 com-
prising one or more Hall Duplex-Frequency Division
Duplex, HD-FDD wireless devices, also referred to herein as
first wireless devices 151, and one or more Full Duplex-
Frequency Division Duplex, FD-FDD, wireless devices,
also referred to herein as second wireless devices 152,
operate 1n the wireless communications network 100, the
method comprising:

obtaining information about at least one time resource of
a first type of time resource, wherein the first type of
time resource 1s for use, e.g., 1t 1s used or expected to
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be used at a future time, by at least one wireless device
of the first wireless devices 151. The first network node
111 1s configured to perform this action, e.g. by means
of the obtaining module 501 within the first network
node 111. The obtaining module 501 may be the
processor 305 of the first network node 111, or an
application running on such processor,

obtaining information about at least one time resource of
a second type of time resource, wherein the second type
of time resource 1s not for use, e€.g. i1t 1s not used or 1t
1s not expected to be used, by the first wireless devices
151, 1.e., any of the first wireless devices 151, due to a

transition at the first wireless devices 151 between
UpLink, UL, and DownLink, DL, time resources. The

first network node 111 1s configured to perform this
action, e.g. by means of the obtaining module 501
within the first network node 111;

scheduling a first one or more wireless devices only of the
second wireless devices 152 during the at least one time
resource of the second type of time resource. The first
network node 111 1s configured to perform this action,
¢.g. by means of the scheduling module 502 within the
first network node 111. The scheduling module 111 may
be the processor 505 of the first network node 111, or
an application running on such processor;

deciding whether to schedule a second one or more
wireless devices of the second wireless devices 1352
during the first type of time resource, based on whether
one or more first conditions are met. The first network
node 111 1s configured to perform this action, e.g. by
means of the deciding module 503 within the first
network node 111. The deciding module 503 may be
the processor 505 of the first network node 111, or an
application running on such processor;

In some examples, the time resource 1s one of a: symbol,

time slot, subiframe, TTI and interleaving time.

In some examples, the first type of time resource 1s used
by the at least one of the first wireless devices 151, for
performing one or more radio measurements and/or for data
transmission or reception.

In some examples, the one or more first conditions
comprise at least one of:

a. the number of first wireless devices 151 1n a first cell
121 served by the first network node 111 1s below a first
threshold;

b. the number of first wireless devices 151 scheduled or
expected to be scheduled during the first type of time
resource 1s below a second threshold;

c. a signaling quality during the first type of time resource
1s above a third threshold.

In some examples, the method further comprises:

obtaining information about at least one time resource of
a third type of time resource, which 1s any time
resource other than the first and the second types of
time resources. The first network node 111 1s config-
ured to perform this action, e.g. by means of the
obtaining module 501 within the first network node
111.

In some examples, the obtained information comprises a
pattern of at least one time resource of one or more of the
first type of time resources, the second type of time
resources and the third type of time resources.

In some examples, scheduling 204 further comprises
scheduling the first one or more wireless devices only of the
second wireless devices 152 during the third type of time
resource.
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In some examples, scheduling 204 further comprises
scheduling the at least one of the first wireless devices 151
during the third type of time resource provided one or more
second conditions are met.

In some examples, the one or more second conditions
comprise one or more ol the following:

a. the number of second wireless devices 152 1s below a
fourth threshold 1n a first cell 121 served by the first
network node 111;

b. the number of second wireless devices 152 scheduled
or expected to be scheduled during the third type of
time resource 1s below a fifth threshold; and

c. a signaling quality during the third type of time
resource 1s above a sixth threshold.

In some examples, the first type of time resource 1s one or
more of the following: a DL subframe 0, a DL subirame 5
or an UL subirame configured to transmit reference signal
e.g., SRS,

In some examples, obtaining 201, 202, 203 information
about one or more of the first, second and third types of time
resources by one or more of the following comprises one of:

a. autonomously determining, by the first network node
111 the information,

b. recerving the information from a second network node
112 operating 1n the wireless communications network
100; and

c. a pre-defined mformation.

In some examples, the method further comprises:

sending, such as signalling, the obtained information
about one or more of the first, second and third types of
time resources to at least one of: a third network node
113 operating 1n the wireless communications network
100 and one or more of the first and/or second wireless
devices 151, 152. The first network node 111 1s con-
figured to perform this action, e.g. by means of the
sending module 504 within the first network node 111.
The deciding module 504 may be the processor 5035 of
the first network node 111, or an application running on
such processor.

In some examples, the obtaining information 201, 202,
203 1s based on one or more types of time resources of the
first, second and third types of time resources configured for
use 1n at least the third network node 113.

The first network node 111 may comprise an interface unit
to facilitate communications between the first network node
111 and other nodes or devices, e.g., UEs. The interface may,
for example, include a transceiver configured to transmit and
receive radio signals over an air interface 1n accordance with
a suitable standard.

A method 1n a wireless device 151, 152 served by a first
network node 111 for performing one or more operations,
the wireless device 151, 152 and the first network node 111
operating 1 a wireless communications network 100,
wherein a mixture of wireless devices 151, 152 comprising,
one or more Hall Duplex-Frequency Division Duplex, HD-
FDD wireless devices, also referred to herein as first wire-
less devices 151, and one or more Full Duplex-Frequency
Division Duplex, FD-FDD, wireless devices, also referred to
herein as second wireless devices 152 operate 1n the wireless
communications network 100, the method comprising:

obtaining information about at least one time resource of
a lirst type ol time resource, wherein the first type of
time resource 1s for use, e.g., 1t 1s used or expected to
be used at a future time, by at least one wireless device
of the first wireless devices 151. The wireless device
151, 152 1s configured to perform this action, e.g. by
means of the obtaining module 601 within the wireless
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device 151, 152. The obtaining module 601 may be the
processor 604 of the wireless device 151, 152, or an
application running on such processor;
obtaining information about at least one time resource of
a second type of time resource, wherein the second type
of time resource 1s not for use, e€.g. i1t 1s not used or 1t
1s not expected to be used, by the first wireless devices
151, 1.e., any of the first wireless devices 151, due to a
transition at the first wireless devices 151 between
UpLink, UL, and DownLink, DL, time resources. The
wireless device 151, 152 1s configured to perform this
action, e.g. by means of the obtaining module 601
within the wireless device 151, 152;

performing one or more operations based on the obtained
information. The wireless device 151, 152 1s configured
to perform this action, e.g. by means of the performing
module 602 within the wireless device 151, 152. The
performing module 602 may be the processor 604 of
the wireless device 151, 152, or an application runmng
on such processor.

In some examples, the method further comprises:

obtaining information about at least one time resource of

a third type of time resource, which 1s any time
resource other than the first and the second types of
time resources. The wireless device 151, 152 1s con-
figured to perform this action, e.g. by means of the
obtaining module 601 within the wireless device 151,
152.

In some examples, the information 1s obtained by one or
more of:

a. autonomous determination by the wireless device 151,

152,
b. receiving imnformation from the first network node 111,
c. recerving 1nformation from the second network node
112 operating 1n the wireless communications network
100, and

d. a pre-defined information.

In some examples, the operations are one or more of the
following:

a. storing the information;

b. adapting wireless device battery power based on the

obtained information,

c. performing one or more measurements on signals of

One or more:

a. cells operating on one or more non-serving carrier
frequencies, and/or

b. Radio Access Technologies, RATs, other than that of
a serving RAT, e.g., the serving RAT of the wireless
device 151, 152, and

d. processing data.

In some examples, the method further comprises:

transmitting the obtained information to other nodes oper-

ating 1n the wireless communications network 100, the
other nodes comprising at least one of: another wireless
device 151, 152, a second network node 112, a third
network node 113, and another node. The wireless
device 151, 152 is configured to perform this action,
¢.g. by means of the transmitting module 603 within the
wireless device 151, 152. The transmitting module 603
may be the processor 604 of the wireless device 151,
152, or an application running on such processor.

In some examples, the obtained information comprises a
pattern of at least one time resource of one or more of: the
first type of time resources, the second type of time
resources and the third type of time resources.

The wireless device 151, 152 may comprise an interface
umt to facilitate communications between the wireless
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device 151, 152 and other nodes or devices, e.g., the first
network node 111. The interface may, for example, include
a transceiver configured to transmit and receive radio signals
over an air intertace 1n accordance with a suitable standard.

Examples of the method in the first network node 111
described above relate to a method 1n a first network node

for scheduling a mixture of HD-FDD and FD-FDD UEs, the
method comprising:

Obtaiming information of at least one first type of time
resource which 1s used or expected to be used by a
HD-FDD UE;

Obtaining mnformation of at least one second type of time

resource which 1s not used or 1s not expected to be used
by a HD-FDD UE due to transition at the HD-FDD UE

between an UL and DL time resources:

Scheduling only FD-FDD UE during the at least one
second type of time resource;

Deciding whether to schedule FD-FDD UE also during

the first type of time resource depending upon whether
one or more first conditions are met.

In some examples, the time resource 1s one of a: symbol,
time slot, subiframe, TTI and interleaving time.

In some examples, the first type of time resource 1s used
by the HD-FDD UE for performing one or more radio
measurements and/or for data transmission or reception.

In some examples, the scheduling further comprises
scheduling the FD-FDD UE also during the first type of time
resource provided one of more of the following conditions
are met:

a. a number of HD-FDD UEs 1s below a threshold i a

cell;

b. a number of HD-FDD UEs scheduled or expected to be

scheduled during the first type of time resource 1s
below a threshold;

c. a signaling quality during the first type of time resource

1s above a threshold.

In some examples, the method further comprises deter-
mimng at least one third type of time resource, which 1s any
time resource other than the first and the second types of
time resources.

In some examples, scheduling further comprises sched-
uling at least FD-FDD UE 1n the third type of time resource.

In some examples, the scheduling further comprises
scheduling also HD-FDD UE 1n the third type of time
resource provided one or more second conditions are met.

In some examples, the second condition comprises one or

more of the following:
a. a number of FD-FDD UFEs 1s below a threshold 1n a cell;

b. a number of FD-FDD UEs scheduled or expected to be
scheduled during the third type of time resource 1s
below a threshold;

c. a signaling quality during the third type of time
resource 1S above a threshold:

In some examples, the first type of time resource 1s one or
more of the following: a DL subframe 0, a DL subirame 5
or a UL subframe configured to transmit a reference signal,
e.g., a SRS.

In some examples, obtaining information about one or
more of the first, second, and third types of time resources
1s performed by one or more of the following means:

a. Autonomous determination by the first network node

and

b. Information receirved from the second network node.

In some examples, the method further comprises signal-
ing iformation about one or more of the first, second and
third types of time resources to the third network node.
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In some examples, the method further comprises signal-
ing information about one or more of the first, second and
third types of time resources to HD-FDD and/or FD-FDD
UEs.

In some examples, the method further comprises deter-
mining one or more ol the first, second and third types of
time resources based on the one or more of the first, second
and third types of time resources configured for use 1n at
least the third network node.

Examples of the method in the wireless device 151, 152,
153 described above relate to a method 1n a UE served by a
first network node, the method comprising:

a. Obtaining a pattern of at least one of a first type of time
resources, a second type of time resources and a third
type of time resources wherein,

1. the first type of time resource 1s used or expected to
be used by a HD-FDD UE; the second type of time
resource 1s not used or 1s not expected to be used by
a HD-FDD UE due to transition at the HD-FDD UE
between an UL and DL time resources and the third
type of time resource 1s any time resource other than
the first and the second types of time resources

b. performing one or more operations based on the
obtained pattern of time resources.

In some examples, the pattern 1s obtained from one or

more of:

a. autonomous determination by the UE,

b. recerving information from the first network node and,

. recerving mformation from the second network node

In some examples, operations are one or more ol the
following;:

d. Storing the pattern and using it at a future time;

¢. Adapting UE battery power based on the pattern;

. Transmitting the pattern to other nodes e.g. UE and/or
the second network node and/or the third network node.

The mnvention claimed 1s:

1. A non-transitory computer-readable medium storing a
program code executable by a controller, wherein when the
controller 1s coupled to a first network node operating 1n a
wireless communications network, the execution of the
program code causes the controller to:

obtain information about a first type of time resource,

wherein the first type of time resource 1s to be used by
at least one wireless device of one or more Half
Duplex-Frequency Division Duplex (HD-FDD) wire-
less devices:

obtain information about a second type of time resource,

wherein the second type of time resource 1s not to be
used by the one or more HD-FDD wireless devices due
to a transition at the one or more HD-FDD wireless
devices between Uplink (UL) and Downlink (DL) time
resources;

schedule a first wireless device out of one or more Full
Duplex-Frequency Division Duplex (FD-FDD) wire-
less devices during the second type of time resource,
based on the obtained information about the second

type ol time resource; and

decide whether or not to schedule a second wireless

device out of the one or more FD-FDD wireless devices
during the first type of time resource, based on the
obtained information about the first type of time
resource, and further based on whether one or more first
conditions are met.

2. The non-transitory computer-readable medium of claim
1, wherein the one or more first conditions comprise one or
more of:
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a number of HD-FDD wireless devices 1 a first cell
served by the first network node 1s below a first
threshold;

a number of HD-FDD wireless devices scheduled or to be
scheduled during the first type of time resource 1s
below a second threshold; and

a signal quality during the first type of time resource 1s
above a third threshold.

3. The non-transitory computer-readable medium of claim

1, wherein the execution of the program code further causes
the controller to:
obtain information about a third type of time resource, the
third type of time resource being a time resource other
than the first and the second types of time resources.
4. The non-transitory computer-readable medium of claim
3, wherein the obtained information about the first type, the
second type, and the third type of time resource comprises
a pattern of at least one of:
the first type of time resource,
the second type of time resource, and
the third type of time resource.

5. The non-transitory computer-readable medium of claim
3, wherein the execution of the program code further causes
the controller to:

schedule a third wireless device out of the one or more
FD-FDD wireless devices during the third type of time
resource, when one or more second conditions are met.

6. The non-transitory computer-readable medium of claim

5, wherein the one or more second conditions comprise one
or more of:

a number of FD-FDD wireless devices 1n a first cell
served by the first network node i1s below a fourth
threshold;

a number of FD-FDD wireless devices scheduled or
expected to be scheduled during the third type of time
resource 1s below a fifth threshold; and

a signaling quality during the third type of time resource
1s above a sixth threshold.

7. The non-transitory computer-readable medium of claim

3, wherein 1n obtaining the information about at least one of
the first, second, and third types of time resource, the
execution of the program code further causes the controller
to:

autonomously determine the information about the at least
one of the first, second, and third types of time
resource,

receive the information about the at least one of the first,
second, and third types of time resource, from a second
network node configured to operate 1n the wireless
communications network:

rece1ve the information about the at least one of the first,
second, and third types of time resource, from another
wireless device: or

read pre-defined or stored information.

8. The non-transitory computer-readable medium of claim

3, wherein the execution of the program code further causes
the controller to:

send the obtained information about any of the first,
second, and third types of time resource to at least one
of:

a third network node configured to operate 1n the
wireless communications network,
an HD-FDD wireless device, and
an FD-FDD wireless device.
9. The non-transitory computer-readable medium of claim
3, wherein the execution of the program code further causes
the controller to:
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select one or more types of time resources of the first,

second and third type based on one or more of the

following criteria:

type ol radio measurements to be performed by the at
least one wireless device of the one or more HD-
FDD wireless devices,

type of base station radio measurements performed on
signals transmitted by the at least one wireless device
of the one or more HD-FDD wireless devices:

number of time resources needed for wireless device
radio measurements performed by the at least one
wireless device of the one or more HD-FDD wireless
devices;

number of time resources needed for base station radio
measurements on signals transmitted by the at least
one wireless device of the one or more HD-FDD
wireless devices:

time synchronization level between cells on which the
at least one wireless device of the one or more
HD-FDD wireless devices performs measurements;

UL resources needed for enabling a wireless device
served by the first network node to send a measure-
ment report to the first network node; and

Discontinuous Reception (DRX)/Discontinuous Trans-
mission (DTX), configuration of wireless devices 1n
a first cell served by the first network node.

10. The non-transitory computer-readable medium of
claim 1, wherein the time resource 1s one of a: symbol, time
slot, subirame, Transmission Time Interval (TT1), and inter-
leaving time.

11. The non-transitory computer-readable medium of
claam 1, wherein the first type of time resource 1s DL
subirame 0 configured to transmit a reference signal.

12. The non-transitory computer-readable medium of
claam 1, wherein the first type of time resource 1s DL
subirame 3 configured to transmit a reference signal.

13. The non-transitory computer-readable medium of
claam 1, wherein the first type of time resource 1s UL
subirame configured to transmit a reference signal.

14. A non-transitory computer-readable medium storing a
program code executable by a controller, wherein when the
controller 1s coupled to a first wireless device that 1s served
by a first network node 1n a wireless communications
network, the execution of the program code causes the
controller to:

obtain information about a first type of time resource,

wherein the first type of time resource 1s to be used by
at least one wireless device of one or more Half
Duplex-Frequency Division Duplex (HD-FDD) wire-
less devices;

obtain information about a second type of time resource,

wherein the second type of time resource 1s not to be
used by the one or more HD-FDD wireless devices due
to transition at the one or more HD-FDD wireless
devices between Uplink (UL) and Downlink (DL) time
resources;

perform one or more operations based on the obtained

information about the first type and the second type of

time resource, the one or more operations comprise at

least one of:

adapting wireless device battery power based on the
obtained information,

performing a measurement on a signal of a cell oper-
ating on a non-serving carrier frequency, and

performing a measurement on a signal of a Radio
Access Technology (RAT) that 1s not serving the first
wireless device.
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15. The non-transitory computer-readable medium of
claim 14, wherein the execution of the program code further
causes the controller to:

obtain mnformation about a third type of time resource, the

third type of time resource a time resource other than 5
the first and the second types of time resources.

16. The non-transitory computer-readable medium of
claim 15, wherein the obtained information about the first
type, the second type, and the third type of time resource
comprises a pattern of at least one of: 10
the first type of time resource,
the second type of time resource, and
the third type of time resource.
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